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FOREWORD 
T h i s  i s  t h e  n i n t h  annua l  f l i g h t  s e r v i c e  e v a l u a t i o n  r e p o r t  on t h e  c o n d i t i o n  
o f  Kevlar-49 f a i r i n g  p a n e l s  i n s t a l l e d  on t h r e e  L - l o l l s  under NASA C o n t r a c t  
NAS1-11621, " F l i g h t  S e r v i c e  E v a l u a t i o n  of Kevlar-49 Composite P a n e l s  i n  Wide- 
bodied Commercial T r a n s p o r t  A i r c r a f t . "  T h i s  r e p o r t  a l s o  i n c l u d e s  a n  upda te  of 
. r e s u l t s  from c o n c u r r e n t  ground-based exposure  t e s t s  on Kevlar-49 coupons b e i n g  
conducted by NASA-Langley. The manufacture  and i n s t a l l a t i o n  o f  t h e s e  p a n e l s  
w a s  completed i n  February 1973 and r e p o r t e d  i n  NASA CR-112250 d a t e d  March 1973 
( r e f e r e n c e  1 ) .  The r e s u l t s  o f  i n s p e c t i o n s  a f t e r  t h e  f i r s t  e i g h t  y e a r s  o f  
f l i g h t  s e r v i c e  were r e p o r t e d  i n  r e f e r e n c e s  2 through 9.  The o r i g i n a l  5-year 
f l i g h t  s e r v i c e  program was extended f o r  an  a d d i t i o n a l  5 y e a r s  through 1983. 
Annual r e p o r t s  a r e  b e i n g  i s s u e d  d e s c r i b i n g  s e r v i c e  performance a f t e r  each y e a r  
o f  s e r v i c e  through t h e  10-year d u r a t i o n  o f  t h e  program. 
Th is  program i s  b e i n g  a d m i n i s t e r e d  by t h e  Langley Research Cente r ,  
N a t i o n a l  Aeronau t ics  and Space A d m i n i s t r a t i o n ,  w i t h  M r .  Benson Dexter  o f  t h e  
M a t e r i a l s  D i v i s i o n  a s  t h e  p r o j e c t  Engineer .  The program i s  b e i n g  performed by 
t h e  Lockheed-Cal i fornia  Company w i t h  Rober t  H. Stone t h e  Program Leader ,  
a s s i s t e d  by personne l  o f  t h e  Product  Support  Branch. 
U s e  o f  commercial p r o d u c t s  o r  names o f  manufac tu re r s  i n  t h i s  r e p o r t  does 
n o t  c o n s t i t u t e  o f f i c i a l  endorsement o f  such  p r o d u c t s  o r  manufac tu re r s ,  e i t h e r  
expressed  o r  impl ied ,  by t h e  N a t i o n a l  Aeronau t ics  and Space A d m i n i s t r a t i o n .  
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FLIGHT SERVICE EVALUATION OF KEVLAR-49 
EPOXY COMPOSITE PANELS I N  WIDE-BODY 
COI~MERCIAL TRANSPORT AIRCRAFT 
Nin th  Annual F l i g h t  S e r v i c e  Report  
R.H. S tone  
Lockheed-Cal i fornia  Company 
Burbank, C a l i f o r n i a  
INTRODUCTION AND BACKGROUND 
The s u b j e c t  program on f l i g h t  s e r v i c e  e v a l u a t i o n  o f  Kevlar-49 f a i r i n g s  
c o n s i s t s  o f  f a b r i c a t i o n ,  i n s t a l l a t i o n ,  and  f l i g h t  s e r v i c e  e v a l u a t i o n  o f  s i x  
secondary s t r u c t u r a l  p a n e l s  on each o f  t h r e e  L - l o l l s .  The t h r e e  p a r t i c i p a t i n g  
a i r l i n e s  are E a s t e r n ,  TWA, and A i r  Canada. F a b r i c a t i o n  and i n s t a l l a t i o n  o f  
t h e  p a n e l s  was completed i n  February 1973, w i t h  i n i t i a t i o n  o f  f l i g h t  s e r v i c e  
o c c u r r i n g  i n  e a r l y  1973 on  a l l  t h r e e  a i r c r a f t .  
I n  a l l  o f  t h e  p r o t o t y p e  f a i r i n g s  Kevlar-49 f a b r i c ,  comparable i n  f a b r i c  
weave and t h i c k n e s s  p e r  p l y  t o  t h e  b a s e l i n e  f i b e r g l a s s ,  was s u b s t i t u t e d  f o r  
t h e  f i b e r g l a s s  on a ply-for-ply  b a s i s .  T h i s  r e q u i r e d  no o t h e r  d e s i g n  changes 
o r  development o f  new t o o l i n g  f o r  l ayup  and c u r e ,  b u t  s t i l l  p rov ided  a  s a v i n g s  
i n  component mass o f  25-30 p e r c e n t .  These s i x  p a r t s  a r e  a s  fo l lows :  
e A l e f t - h a n d  and r ight-hand set o f  l a r g e  152- by 170-cm (60- by 67-in.)  
sandwich wing-body f a i r i n g  p a n e l s .  The e x t e r i o r  s k i n  i s  0.05 cm 
(0.02 i n . )  t h i c k  w i t h  one p l y  o f  181 s t y l e  Kevlar-49 f a b r i c  and two 
p l i e s  o f  120 s t y l e  Kevlar-49 f a b r i c .  The i n t e r i o r  s k i n  i s  0.04 cm 
(0.015 i n . )  t h i c k  w i t h  t h r e e  p l i e s  o f  120 s t y l e  Kevlar-49 f a b r i c .  
The honeycomb c o r e  i s  Nomex w i t h  0.3 cm (118 in . )  c e l l s ,  and 0,05 gmlcm 3  
(3.0 l b / c u  f t )  d e n s i t y .  O v e r a l l    an el t h i c k n e s s  is  2.36 cm (0.93 i n . ) ,  
w i t h  a  s o l i d  l a m i n a t e  edge 0.30 cm (0.12 in . )  t h i c k ,  b u i l t  up of 181 
s t y l e  Kevlar-49 p l i e s  ( f i g u r e  1 ) .  
e A l e f t - h a n d  and r igh t -hand  s e t  o f  s m a l l  14- by 83-cm (5.5- by 32.5-in.)  
s o l i d  l a m i n a t e  underwing f i l l e t  p a n e l s .  The l a m i n a t e  i n c o r p o r a t e s  n i n e  
p l i e s  o f  181 s t y l e  Kevlar-49 f a b r i c  and i s  approximately  0 .23  cm 
(0.09 i n . )  t h i c k  ( f i g u r e  2 ) .  
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e A le f t -hand  and right-hand s e t  of a f t  engine sandwich f a i r i n g s  76- by 
208-cm (30- by 82-in.) approximately, The s k i n s  a r e  0.05 cm (0.02 i n . )  
t h i c k  wi th  one p l y  of  181 s t y l e  Kevlar-49 f a b r i c  and two p l i e s  of 120 
s t y l e  Kevlar-49 f a b r i c .  The Nomex core  i s  i d e n t i c a l  t o  t h a t  used i n  
t h e  wing-body f a i r i n g  except  f o r  th ickness ,  and t h e  o v e r a l l  pane l  
t h i ckness  i s  0.64 cm (0.25 i n . ) .  The a f t  engine f a i r i n g  has a  s o l i d  
lamina te  edge member 0.25 cm (0.10 i n . )  t h i c k  ( f i g u r e  3) .  
The Kevlar-49 panels  used t h e  same r e s i n  system a s  the  product ion f i b e r -  
g l a s s  p a r t s .  A 121°C (250'~) cur ing ,  8 2 ' ~  (180'~) s e r v i c e  epoxy (Hexcel 's  
F-155) was used i n  t h e  wing-body f a i r i n g  and underwing f i l l e t  pane ls ;  and a  
1 7 7 ' ~  (350'~) cur ing ,  1 4 9 ' ~  (300°F) s e r v i c e  epoxy (Hexcel 's  F-161) was used i n  
t h e  a f t  engine f a i r i n g s .  Two f a b r i c  weave s t y l e s  of Kevlar-49 were used. The 
Kevlar-49 s t y l e  181 is  an 8-harness s a t i n  weave s i m i l a r  t o  t h e  181 f i b e r g l a s s  
2 2 
weave, 0.23 mm (9 mi ls )  pe r  cured p ly  and 0.17 kg/m (5.0 oz/yd ) dry mass. 
Kevlar-49 s t y l e  120 i s  a  p l a i n  weave, 0.13 mm (5 mi ls )  p e r  cured p ly  and 
2 2 0.6 kg/m (1.8 oz/yd ) dry mass. Both f a b r i c  s t y l e s  i nco rpora t e  l i g h t  den ie r  
Kevlar-49 yarns ,  380 den ie r  f o r  s t y l e  181, and 195 den ie r  f o r  s t y l e  120. The 
heavy den ie r  yarns  used i n  s t y l e s  281 and 285 Kevlar-49 f a b r i c  t h a t  a r e  com- 
monly used by t h e  a i r c r a f t  i ndus t ry  had n o t  been developed a t  t h e  t ime these  
p a r t s  were made. 
A l l  of t h e  p a r t s  have an o u t e r  l a y e r  of flame-sprayed aluminum and top- 
coat  appl ied  according t o  s tandard  product ion procedures used on the  b a s e l i n e  
f i b e r g l a s s  p a r t s .  The a c t u a l  sav ings  i n  component mass achieved by t h i s  
d i r e c t  s u b s t i t u t i o n  of Kevlar-49 f o r  f i b e r g l a s s  averaged 26 percent  f o r  the  
s i x  p a r t s .  Fu r the r  d e t a i l s  on Kevlar-49 p a r t  design and f a b r i c a t i o n  a r e  given 
i n  NASA CR-112250 ( r e fe rence  l ) ,  which i s  t h e  f i n a l  r epo r t  of t he  f a b r i c a t i o n  
and i n s t a l l a t i o n  phases of t h e  program. 
The f i r s t  annual i n spec t ion  r e s u l t s  a r e  given i n  NASA CR-132647 ( r e f -  
erence 2 ) .  The A i r  Canada and TWA panels  were inspec ted  a t  Lockheed i n  t h i s  
case  due t o  s p e c i a l  c i rcumstances,  while  Eas te rn  personnel  inspec ted  the  
Eastern panels  a t  t h e i r  Miami Maintenance Base. 
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For t h e  second annual i n spec t ion  and a l l  subsequent i n spec t ions ,  t h e  program 
scope was expanded a s  fol lows t o  o b t a i n  more complete information and documen- 
t a t i o n  of p a r t  condi t ions :  
e A Lockheed Engineering r e p r e s e n t a t i v e  i s  p re sen t  f o r  each annual 
i n spec t ion  a t  t h e  a i r l i n e s '  maintenance bases ,  
o Three o f  t h e  s i x  pane ls  (one of each lef t -hand and right-hand s e t )  
a r e  removed f o r  thorough in spec t ion ,  weighing, and in spec t ion  of 
£as t e n e r  ho le s  and i n t e r i o r  s u r f a c e  condi t ions .  
e The a i r l i n e s  provide r e p o r t s  t o  Lockheed on a l l  incidences of  
damage and r e p a i r  occurr ing  i n  s e r v i c e .  
The second through t h e  e i g h t h  annual i n spec t ions  were conducted i n  
accordance wi th  t h i s  expanded scope, and a r e  repor ted  i n  r e f e rences  3-9, 
r e spec t ive ly .  
A s  d i scussed  i n  previous r e p o r t s ,  t h e  TWA panels  were removed a f t e r  
approximately 1 year  (2400 hours)  of s e r v i c e ,  and r e i n s t a l l e d  on a  second 
TWA L-1011 f o r  cont inua t ion  of f l i g h t  s e r v i c e  t e s t i n g .  The r e i n s t a l l a t i o n  
on TWA a i r c r a f t  N31030 requi red  some rework and r e p a i r  of t he  panels ,  par- 
t i c u l a r l y  i n  t h e  case  of t he  a f t  engine f a i r i n g  panels ,  where r e l o c a t i o n  of 
a l l  f a s t e n e r  h o l e s  was requi red .  This  rework a c t i v i t y  i s  repor ted  i n  d e t a i l  
i n  t he  Second F l i g h t  Serv ice  Report ( r e f e rence  3) .  The a i r c r a f t  on which 
these  p a r t s  were i n s t a l l e d  was de l ivered  t o  TWA i n  August 1975, and have 
s i n c e  been inspec ted  annual ly i n  accordance wi th  t h e  expanded program scope. 
During 1977, a  5-year ex tens ion  t o  t h e  program was received from NASA 
f o r  a t o t a l  of 10 yea r s  of f l i g h t  s e r v i c e  of t h e  Kevlar-49 f a i r i n g s .  This  
ex tens ion  c a r r i e d  t h e  program through 1983, and annual i n spec t ions  of t h e  
t h r e e  s h i p s e t s  have taken p l ace  i n  accordance wi th  t h e  expanded program 
scope ou t l i ned  above. 
," : ,,$'; 
I n  1978, Eas te rn  d i sc losed  p l ans  t o  l e a s e  t h e  a i r c r a f t  wi th  t h e  Kevlar :: ?-! ~ O . .  ' I  ._ 
f a i r i n g s  t o  a  fo re ign  c a r r $ e r ,  bu t  s t a t e d  a wi l l i ngness  t o  r e i n s t a l l  t h e  
f a i r i n g s  onto  a  second Eas te rn  a i r c r a f t .  Removal of t h e  panels  took p l ace  i n  
1979 and was d iscussed  i n  t h e  S ix th  F l i g h t  Serv ice  Report ( r e f e rence  7) .  The 
panels  were r e i n s t a l l e d  onto Eas te rn  Ship N313EA during 1980, and t h i s  a c t i v i t y  
was d iscussed  i n  t h e  Seventh F l i g h t  Serv ice  Report ( r e f e rence  8 ) .  
The f a i r i n g s  being eva lua ted  i n  t h i s  program a r e  t h e  e a r l i e s t  Kevlar-49 
components placed i n  commercial a i r l i n e  f l i g h t  s e r v i c e ,  p reda t ing  product ion 
a p p l i c a t i o n s  of Kevlar-49 on commercial t r a n s p o r t s  by s e v e r a l  yea r s .  These 
components a r e  exposed t o  over  2000 f l i g h t  hours p e r  yea r  of t y p i c a l  a i r c r a f t  
ope ra t ing  environments; and d e t a i l e d  monitor ing of t h e  f a i r i n g s '  performance 
i n  t h i s  program provides information on long-term d u r a b i l i t y ,  damage to l e rance ,  
chemical r e s i s t a n c e ,  and mechanical p r o p e r t i e s .  Kevlar-49 f i b e r s  a r e  t h e  only 
organic  r e i n f o r c i n g  f i b e r s  used i n  a i r c r a f t  s t r u c t u r e s ,  and have c e r t a i n  
c h a r a c t e r i s t i c s ,  such a s  moisture pickup i n  t h e  f i b e r  and low r e s i n l f i b e r  
bond, which were of concern i n i t i a l l y .  The r e s i s t a n c e  of Kevlar-49 composites 
t o  long-term s e r v i c e  environment a s  v e r i f i e d  by t h e  9 years  of f l i g h t  s e r v i c e  
i n  t h i s  program provides  confidence i n  t h e  use of Kevlar-49 f o r  a d d i t i o n a l  
a i r c r a f t  s t r u c t u r a l  app l i ca t ions .  
concurrent  w i th  t h e  f l i g h t  s e r v i c e  eva lua t ion ,  Kevlar-49 t e s t  coupons a r e  
being sub jec t ed  t o  long-term environmental exposures a t  var ious  ground loca-  
t i o n s  throughout t h e  world, providing a  v a r i e t y  of c l i m a t i c  condi t ions .  The 
t e s t  coupons were f a b r i c a t e d  us ing  t h e  same m a t e r i a l s  (Kevlar-49/F155 and 
Kevlar-49lF161) a s  t h e  f l i g h t  s e r v i c e  f a i r i n g s ,  and were f a b r i c a t e d  a t  t h e  
same time and a t  t h e  same f a c i l i t y  ( r e f e rence  1 ) .  The coupons a r e  being t e s t e d  
a f t e r  1, 3 ,  5 ,  7 ,  and 10 years  of outdoor exposure t o  ob ta in  d a t a  on moisture 
weight ga in  and r e s i d u a l  mechanical p r o p e r t i e s .  The r e s u l t s  a f t e r  1-year and 
3-year exposures a r e  given i n  t h e  Fourth Annual F l i g h t  Serv ice  Report ( r e f e r -  
ence 5 ) .  Residual  mechanical d a t a  a f t e r  5-year and 7-year exposures,  p l u s  
moisture d a t a  , a f t e r  t h e  5-year exposure a r e  given i n  t h e  Eighth Annual Report 
( r e f e rence  9 ) .  This  r e p o r t  provides t h e  moisture weight ga in  d a t a  a f t e r  7-years 
of exposure. No a d d i t i o n a l  mechanical proper ty  d a t a  a r e  a v a i l a b l e  a t  t h i s  ti-me. 
PANEL INSPECTIONS 
The n i n t h  annual i n s p e c t i o n  of t h e  A i r  Canada f a i r i n g s  on Ship CF-TNB-502 
( S e r i a l  No. 1021) took p l ace  on September 2, 1982 a t  t h e  Montreal Maintenance 
Base. The lef t -hand wing-body f a i r i n g  panel ,  t h e  lef t -hand underwing f i l l e t  
pane l ,  and t h e  right-hand a f t  engine f a i r i n g  panel  were removed f o r  i n spec t ion ,  
while  t h e  oppos i te  s e t  of pane ls  were inspec ted  on t h e  a i r c r a f t .  This  was t h e  
oppos i te  s e t  t o  those  removed i n  t h e  previous in spec t ion .  The f a i r i n g s  a t  t h e  
d a t e  of i n spec t ion  had accumulated 23,254 f l i g h t  hours .  I n  t h e  13 months s i n c e  
t h e  previous in spec t ion ,  t h e  f a i r i n g s  had accumulated 2848 hours,  
The in spec t ion  of t he  TWA f a i r i n g s  on Ship N31030 ( S e r i a l  No. 1111) took 
p lace  a t  TWA's Los Angeles Maintenance Base on September 20, 1982. The r igh t -  
hand wing-body f a i r i n g  panel ,  t he  right-hand underwing f i l l e t  panel ,  and the  
lef t -hand a f t  engine f a i r i n g  panel  were removed f o r  i n spec t ion ,  while  t h e  
oppos i te  s e t  of pane ls  were inspec ted  on t h e  a i r c r a f t .  These were t h e  oppo- 
s i t e  p a r t s  t o  t h e  wing-body and a f t  engine f a i r i n g s  removed i n  t h e  previous 
inspec t ion .  The TWA right-hand underwing f i l l e t  i s  being removed a t  every 
in spec t ion  through t h e  remainder of t h e  program t o  o b t a i n  accu ra t e  mass de te r -  
minations and d e t e c t  any i n d i c a t i o n  of cont inuing moisture pickup. D i f f i c u l t y  
had been encountered i n  ob ta in ing  accu ra t e  mass determinat ions of t h e  p a r t s  
because of t h e  l a c k  of accu ra t e  balances a t  t h e  a i r l i n e  maintenance bases .  
The proximity of TWA's base t o  t he  Lockheed p l a n t  made i t  f e a s i b l e  t o  b r ing  i n  
an accu ra t e  balance f o r  t h e  inspec t ions .  The sandwich panels  a r e  too l a r g e  t o  
weigh on t h i s  balance,  bu t  t h e  underwing f i l l e t  can be r e a d i l y  weighed. This 
a c t i v i t y  was i n i t i a t e d  i n  1978 on t h e  right-hand p a r t .  
The TWA f a i r i n g s  had 21,884 f l i g h t  hours  on Ship 1111 a s  of t h e  d a t e  of 
i n spec t ion .  These f a i r i n g s  had been i n i t i a l l y  i n s t a l l e d  on Ship 1026, and 
accumulated 2404 f l i g h t  hours on t h a t  s h i p  p r i o r  t o  removal and r e i n s t a l l a t i o n  
f o r  a t o t a l  of 24,288 f l i g h t  hours .  The p a r t s  had accumulated 3438 hours i n  
t h e  year  s i n c e  t h e  p rev ious . in spec t ion  f o r  an average u t i l i z a t i o n  of 9.4 hours  
per  day. 
The i n s p e c t i o n  of t h e  Eas te rn  f a i r i n g s  on Ship N313EA ( S e r i a l  1020) took 
p l ace  a t  Eas t e rn ' s  A t l a n t a  Maintenance Base on October 8 ,  1982. This  was the  
second i n s p e c t i o n  a f t e r  r e i n s t a l l a t i o n  of t he  f a i r i n g s  onto Ship N313EA i n  
October 1980. The right-hand wing-body f a i r i n g  panel  and t h e  right-hand a f t  
engine f a i r i n g  panel  were removed f o r  i n spec t ion  whi le  t he  oppos i te  s e t  o f  
pane ls  were inspec ted  on t h e  a i r c r a f t .  This  was t h e  oppos i te  s e t  t o  those  
removed i n  t h e  1981 in spec t ion .  The two underwing f i l l e t  panels  were m i s -  
p laced by Eas te rn  a f t e r  removal from t h e  o r i g i n a l  a i r c r a f t  i n  1979 and have 
not  been found. These panels  w i l l  be  r e i n s t a l l e d  i f  found, bu t  a r e  probably 
l o s t  f o r  t h e  remainder of t h e  program. 
The f a i r i n g s  had accumulated 2523 f l i g h t  hours on Ship N313EA i n  t h e  year  
s i n c e  t h e i r  previous in spec t ion ,  f o r  a  t o t a l  of 5536 f l i g h t  hours s i n c e  t h e i r  
i n s t a l l a t i o n  onto Ship N313EA i n  October 1980. The f a i r i n g s  had previous ly  
accumulated 17,718 f l i g h t  hours on Ship N314EA f o r  a  t o t a l  of 23,254 f l i g h t  
hours.  
In spec t ion  of t hese  panels  was by v i s u a l  examination and co in  tapping  f o r  
delaminat ions and skin-core disbonds. The panels  taken o f f  t h e  a i r c r a f t  were 
cleaned t o  remove excess ive  d i r t  and res idue .  The panels  were then  inspec ted  
f o r  t h e  condi t ion  of t he  f a s t e n e r  holes  and t h e  i n n e r  su r f ace ,  a s  w e l l  a s  t h e  
o u t e r  s u r f a c e  condi t ion  which was checked on a l l  s i x  p a r t s .  
The in spec t ions  were conducted wi th  t h e  p a r t i c i p a t i o n  of Lockheed 
Engineering, and wi th  t h e  a s s i s t a n c e  of a i r l i n e  maintenance personnel  i n  
removal and r e i n s t a l l a t i o n  of t h e  panels .  Photographs were taken of a l l  
panels  and a r e a s  conta in ing  d e f e c t s ,  damage, o r  o t h e r  condi t ions  of s p e c i a l  
i n t e r e s t .  Photographs were provided by A i r  Canada i n  Montreal, by t h e  Lockheed 
Photography Department a t  TWA i n  Los Angeles, and by a  commercial photographer 
i n  At lan ta .  D e t a i l  observa t ions  a t  t h e  in spec t ions  a r e  given i n  Appendices 
A, B and C.  
DISCUSSION OF INSPECTION RESULTS 
The Kevlar-49 panels  cont inue t o  perform s a t i s f a c t o r i l y  i n  s e r v i c e  wi th  
no major damage o r  d e f e c t s  r equ i r ing  c o r r e c t i v e  maintenance. Minor impact 
damage has occurred,  w i th  complete p e n e t r a t i o n  of t h e  s k i n s  i n  s e v e r a l  
i n s t ances .  A few minor disbonds have a l s o  been noted,  a long wi th  some inc i -  
dences of f a s t e n e r  ho le  e longat ion .  A genera l  condi t ion  of f r ay ing  around 
f a s t e n e r  ho le s ,  r e s u l t i n g  from t h e  i n i t i a l  machining opera t ion ,  has a l s o  been 
noted. The a i r l i n e s  do not  regard t h e s e  a s  s e r i o u s  occurrences a s  t h e  f a i r i n g s  
a r e  l i g h t l y  loaded n o n s t r u c t u r a l  components which only t ake  aerodynamic loads .  
Damage i s  t h e r e f o r e  l e f t  unrepaired f o r  an i n d e f i n i t e  per iod  o r  e l s e  given a 
cosmetic r e p a i r .  
The inc idences  of new damage and damage growth noted i n  t h e  1982 inspec- 
t i o n s  were : 
1. Two new disbonds were noted on t h e  inne r  su r f ace  of t h e  A i r  Canada 
le f t -hand  wing-body f a i r i n g ,  both r e l a t i v e l y  smal l  and minor. 
2. A deep gouge on t h e  e x t e r i o r  s u r f a c e  of t h e  TWA right-hand f a i r i n g ,  
f i r s t  noted i n  1981, had a s l i g h t  delaminated a r e a  around i t  which 
was no t  prev ious ly  noted.  
3 .  Two new disbonds were noted on t h e  i n n e r  s u r f a c e  of t he  TWA r i g h t -  
hand wing-body f a i r i n g ,  both r e l a t i v e l y  smal l  and minor. 
4 .  A new crack was observed on t h e  i n n e r  su r f ace  of the  Eas te rn  r igh t -  
hand wing-body f a i r i n g  wi th  a s l i g h t  a s soc i a t ed  delamination. 
5. Three smal l ,  new disbond a r e a s  were obse'rved on the  e x t e r i o r  su r f ace  
of t h e  Eas te rn  lef t -hand wing-body f a i r i n g .  
The deep gouge and t h e  c rack  (Items 2 and 4 above), a s  we l l  a s  t h e  cracks 
noted i n  previous in spec t ions ,  a r e  d e f i n i t e l y  t h e  r e s u l t  of impact damage. The 
disbonds noted i n  t h i s  and previous in spec t ions  may have been caused by low-level 
impacts which d i d  not  produce a v i s i b l e  e x t e r n a l  crack. These cracks and dis-  
bonds have n e a r l y  a l l  occurred on t h e  wing-body f a i r i n g s  which a r e  i n  an a r e a  
more s u b j e c t  t o  ground-handling damage than  t h e  o t h e r  p a r t s .  This i s  evidence 
t h a t  t h e  disbonds a r e  t h e  r e s u l t  of low-level impact, bu t  o t h e r  poss ib l e  
explana t ions  a r e  manufacturing d e f e c t s  and l o c a l i z e d  excess ive  h e a t  a p p l i c a t i o n ,  
These disbonds may be i n t e r p l y  delaminat ions r a t h e r  than  skin-core disbonds o r  
may be a  combination of both;  bu t  t h i s  d i s t i n c t i o n  cannot be made wi th  co in  
tapping  and v i s u a l  inspec t ion .  
The inc idence  of damage on t h e s e  pro to type  p a r t s  i s  probably g r e a t e r  than  
f o r  s tandard  product ion p a r t s  because of t h e  increased  handl ing during removal 
and r e i n s t a l l a t i o n  f o r  t h e  annual i n spec t ions .  The i n n e r  s k i n  damage on t h e  
wing-body f a i r i n g s  may have occurred dur ing  removal and r e i n s t a l l a t i o n ,  bu t  
t h e r e  i s  an access  bay above these  p a r t s  conta in ing  hydrau l i c  l i n e s ,  and the  
i n n e r  s k i n  damage could have occurred during maintenance a c t i v i t y  i n  t h i s  a r e a ,  
Damage growth was noted  i n  only one i n s t a n c e  i n  t h e  1982 in spec t ions ,  and 
t h i s  was a  v e r y  minor occurrence. This  l a c k  of damage growth i s  a s i g n i f i c a n t  
i n d i c a t i o n  of  acceptab le  damage t o l e r a n c e  f o r  Kevlar-49 i n  t h e s e  a p p l i c a t i o n s ,  
I n  some cases  t he  damage has  remained unchanged i n  appearance o r  s i z e  f o r  
seven years .  
While some of t he  minor damage observed t o  d a t e  has  not  been r epa i r ed ,  
s e v e r a l  r e p a i r s  have been made t o  t h e  Kevlar-49 p a r t s ,  mostly on t h e  e x t e r i o r  
su r f aces  of t h e  wing-body f a i r i n g  sandwich panels .  I n  previous in spec t ions ,  
r e p a i r s  have been noted i n  which cracks were f i l l e d  wi th  a  r e s i n  f i l l e r  and i n  
one case coated wi th  conductive p a i n t .  Other patches cons i s t  of over lays  of 
adhesive t ape ;  i n  one case  t h e  pa tch  has been i d e n t i f i e d  a s  aluminum speed 
t ape  wi th  an  overcoat  of p a i n t .  A t  l e a s t  one r e p a i r  of each type has  been 
noted on t h e  i n n e r  s u r f a c e  of t h e  wing-body f a i r i n g  panels .  The only new 
r e p a i r  noted i n  t h e  1982 in spec t ions  was a  delaminated a rea  on t h e  e x t e r i o r  
su r f ace  of t h e  TbJA right-hand wing-body f a i r i n g  which had been f i l l e d  wi th  
r e s i n .  This  a r e a  i s  now d e t e c t a b l e  only a s  a  s l i g h t  s u r f a c e  depression.  . 
I n  summary, t h e  r e p a i r  procedures used on t h e  f a i r i n g s  have been cosmetic 
f i e l d  r e p a i r s  t y p i c a l  df t h e  procedures used f o r  n o n c r i t i c a l  f i b e r g l a s s  p a r t s ,  
and adaptable  t o  e i t h e r  l i n e  s t a t i o n  o r  maintenance base ope ra t ions ,  
The o t h e r  damage condi t ion  which has been t y p i c a l l y  observed on t h e  Kevlar-49 
panels  has been f r ay ing  and e longat ion  of f a s t e n e r  ho le s .  These have been minor 
condi t ions  i n  a l l  i n s t ances ,  which have no t  requi red  maintenance a c t i o n  o r  r e p a i r .  
Elongation of t h e  f a s t e n e r  ho le s  has  occurred i n  a  random d i s t r i b u t i o n ,  and has 
been noted on t h e  underwing f i l l e t  panels  t o  a  p ropor t iona l ly  g r e a t e r  ex t en t  
than  t h e  o t h e r  p a r t s .  The condi t ion  i s  comparable t o  h o l e  e longat ion  on s i m i l a r  
f i b e r g l a s s  pane ls  which is  a  f a i r l y  common occurrence according t o  a i r l i n e  
r e p o r t s .  The cause of e longat ion  is  concent ra ted  o r  nonuniform bear ing  loads  
poss ib ly  r e s u l t i n g  from i n s t a l l a t i o n  problems o r  excess ive  ho le  c learances .  
There has been r e l a t i v e l y  l i t t l e  i nc rease  i n  t h e  inc idence  o r  s e v e r i t y  of t h i s  
e longat ion ,  and i n  t h e  1982 in spec t ions  t h e r e  was no s i g n i f i c a n t  i nc rease  i n  
e longat ion  over  t h e  previous in spec t ions .  
The f a s t e n e r  ho le  f r ay ing  appears  t o  be a  genera l  occurrence on Kevlar-49 
holes  and edges where l e s s  than  optimum machining procedures have been used. 
The f r ay ing  noted on t h e s e  p a r t s  appears t o  be p r imar i ly  t h e  r e s u l t  o f  t h e  
i n i t i a l  machining opera t ion ,  a s  t h i s  condi t ion  has remained e s s e n t i a l l y  
unchanged wi th  inc reas ing  s e r v i c e  l i f e .  These p a r t s  were f a b r i c a t e d  i n  1972 
when development of Kevlar-49 machining techniques was i n  a  very e a r l y  s t a g e ,  
and t h e  degree of  f r ay ing  may t h e r e f o r e  be  more severe  than f o r  c u r r e n t l y  
f a b r i c a t e d  p a r t s .  I n  previous in spec t ions ,  i t  has been observed t h a t  some of  
t he  a f t  engine f a i r i n g s  and underwing f i l l e t s  have not iceably  l e s s  f r ay ing  
than o the r s .  This  i n d i c a t e s  t h a t  v a r i a t i o n s  i n  machining techniques and 
ope ra to r  s k i l l s  a t  t h e  time of i n s t a l l a t i o n  was a  s i g n i f i c a n t  f a c t o r  i n  t h e  
degree of f r ay ing .  It has a l s o  been noted t h a t  t h e  elongated holes  i n  t he  
underwing f i l l e t s  genera l ly  have more f r ay ing  than t h e  o t h e r  ho le s ,  i n d i c a t i n g  
t h a t  i n - se rv i ce  loads can aggrava te  t h e  i n i t i a l  f ray ing .  There i s  no evidence 
t h a t  t h e  f rayed  condi t ion  i n  any way a f f e c t s  p a r t  performance. 
The f a s t e n e r  ho le s  on t h e  right-hand Eas te rn  f a i r i n g s  were observed f o r  
t h e  f i r s t  t ime s i n c e  t h e i r  r e i n s t a l l a t i o n  which involved r e l o c a t i o n  of a l l  
f a s t e n e r  holes .  The o r i g i n a l  f a s t e n e r  ho le s  were f i l l e d ,  and new ho le s  were 
d r i l l e d .  These new f a s t e n e r  ho le s  were observed t o  have a  g r e a t  amount of 
fuzz which c r e a t e s  t h e  frayed appearance noted i n  o t h e r  i n spec t ions .  This  
condi t ion  was much more pronounced than i n  any of t h e  o t h e r  Kevlar-49 p a r t s  
( i nc lud ing  t h e  o r i g i n a l  f a s t e n e r  ho le s  on t h e  Eas te rn  panels ) .  A s  mentioned 
i n  t h e  preceding paragraph, t h e  f rayed  appearance i s  t h e  r e s u l t  of t h e  i n i t i a l  
d r i l l i n g  opera t ion .  This  condi t ion  t h e r e f o r e  i n d i c a t e s  t h a t  nonoptimum proce- 
dures and t o o l s  were used i n  t h e  d r i l l i n g  of t h e  r e loca t ed  holes .  Some ho le s  
were d r i l l e d  p a r t i a l l y  through t h e  chopped g l a s s  f i l l e d  epoxy f i l l e r .  These 
a reas  had no fuzz,  b u t  d id  have a g r e a t e r  incidence of e longat ion  than  has been 
noted f o r  ho le s  d r i l l e d  through t h e  Kevlar-49. No e longat ion  was observed i n  
any of t he  r e loca t ed  ho le s  d r i l l e d  through t h e  Kevlar-49. The f rayed  condi t ion  
does not  appear  t h e r e f o r e  t o  s i g n i f i c a n t l y  a f f e c t  performance of t hese  p a r t s .  
The fuzz was observed t o  be  almost e n t i r e l y  on t h e  i n n e r  sur face .  
The Kevlar-49 p a r t s  have not  been a f f e c t e d  t o  any d i s c e r n i b l e  degree by 
exposure t o  Skydrol o r  o t h e r  a i r c r a f t  f l u i d s ,  b u t  t h e  presence of Skydrol has  
been observed on a l l  t h r e e  components. The Skydrol appears  t o  have a t t acked  
a vapor b a r r i e r  coa t ing  on some of t h e  a f t  engine f a i r i n g s .  Pa in t  adhesion 
t o  t h e  Kevlar-49 su r f aces  appears t o  be comparable t o  f i b e r g l a s s  p a r t s ,  a s  
would be  expected. 
The Kevlar-49 p a r t s  have been weighed on t h e  ocras ions  when they have been 
removed. The e f f e c t s  of p a i n t  l o s s ,  r epa in t ing ,  r e sea l ing ,  and r e p a i r  have 
masked any mass change due t o  moisture pickup; and determinat ion of mass changes 
has been hampered by t h e  l a c k  of s u i t a b l e  balances a t  t h e  a i r l i n e  maintenance 
bases .  A ba lance  has been brought from Lockheed t o  t h e  TWA base i n  Los Angeles 
f o r  weighing of t h e  smal l  underwing f i l l e t  pane l  i n  t h e  l a s t  four  i n spec t ions .  
Accurate mass determinat ions have been obta ined  on t h e  right-hand f i l l e t  
(Appendix B ) ,  and t h e  mass of t h i s  p a r t  w i l l  be  monitored throughout t h e  
remainder of t h e  program. Resul t s  t o  d a t e  show no s i g n i f i c a n t  weight change 
over  two yea r s ;  and t h e  p a r t  apparent ly  had reached moisture equ i l i b r ium by t h e  
time t h e  weighings s t a r t e d  i n  1978, a s  would be expected. 
while  t h e  disbonds may be t h e  r e s u l t  of impact,  h e a t  o r  manufacturing d e f e c t s .  
The f a s t e n e r  h o l e  f r ay ing  appears  t o  be p r imar i ly  t h e  r e s u l t  of t h e  i n i t i a l  
d r i l l i n g  and i n s t a l l a t i o n  procedures,  aggravated i n  a  few ins t ances  by in-serv ice  
loads ;  whi le  t h e  e longat ion  i s  probably r e l a t e d  t o  nonuniform bear ing  loads 
caused by i n s t a l l a t i o n  mismatches o r  excess ive  ho le  c learances .  The absence 
of crack growth, disbond growth o r  s i g n i f i c a n t l y  increased  ho le  e longat ion ,  
and t h e  random l i m i t e d  occurrence of t he  h o l e  e longat ion  i n d i c a t e s  t h a t  
Kevlar-49 i s  r e s i s t a n t  t o  damage propagat ion under t he  r e l a t i v e l y  l i g h t  load- 
i ng  condi t ions  t y p i c a l  of f a i r i n g s .  The f a s t e n e r  h o l e  fuzzing and f rayed  
appearance i s  t h e  only damage condi t ion  observed on t h e  Kevlar-49 p a r t s  which 
i s  not  a l s o  t y p i c a l  of s i m i l a r  f i b e r g l a s s  p a r t s .  The fuzzing has no t  increased  
i n  s e v e r i t y  w i th  inc reas ing  s e r v i c e  l i f e ,  and does no t  have any apparent e f f e c t  
on p a r t  performance. 
The Kevlar-49 p a r t s  have been f r e e  of any de fec t s  which can be a t t r i b u t e d  
t o  moisture o r  o t h e r  environmental f a c t o r s ,  and t h e r e  has  been no c l e a r  evi-  
dence of i n t e r p l y  delaminat ions (as  opposed t o  disbonds) .  These f ind ings  ind i -  
c a t e  t h a t  two p r o p e r t i e s  of Kevlar-49 which have been of concern - t h e  poor 
r e s i n - f i b e r  i n t e r f a c e  bond and t h e  moisture pickup of t h e  Kevlar-49 f i b e r s  - 
have not  s e r i o u s l y  a f f e c t e d  p a r t  performance. 
The r e p a i r s  which have been performed on these  p a r t s  a r e  t y p i c a l  cosmetic 
r e p a i r s ,  such a s  r e s i n  f i l l i n g  of su r f ace  cracks and a p p l i c a t i o n s  of t ape  over  
damage a reas .  This  type  of r e p a i r  i s  t y p i c a l l y  performed on f i b e r g l a s s  secondary 
s t r u c t u r e s ,  and these  observa t ions  i n d i c a t e  t h a t  Kevlar-49 p a r t s  can be 
r epa i r ed  i n  t h e  same manner a s  f i b e r g l a s s  p a r t s .  
I n  summary, ~ e v l a r - 4 9 / e ~ o x ~  appears  t o  provide s e r v i c e  l i f e  and s t r u c t u r a l  
performance f o r  l i g h t l y  loaded secondary s t r u c t u r e s  equiva len t  t o  t h a t  of 
f iberg lass /epoxy.  
APPENDIX A 
DETAIL OBSERVATIONS OF 
KEVLAR-49 FAIRING PANELS - 
A I R  CANADA SHIP CF-TNB-502 (SERIAL 1021) 
SEPTEMBER 1982 
Three of t h e  s i x  f a i r i n g  panels  were removed f o r  inspec t ion:  t h e  lef t -hand 
wing-body f a i r i n g  and underwing f i l l e t  pane ls ,  and t h e  right-hand a f t  engine 
f a i r i n g .  The o t h e r  pane ls  were inspec ted  i n  p l ace  on the  a i r c r a f t .  
LEFT-HAND W I N G B O D Y  FA1 RING 
1. A deep gouge i n  t h e  upper c e n t e r  a r e a  of t h e  panel  e x t e r i o r ,  0.4 by 
0.6 cm (5132 by 114 i n . ) ,  had not  changed i n  s i z e  o r  appearance s i n c e  
t h e  previous in spec t ion  ( f i g u r e  A-1). This  was f i r s t  observed i n  1978. 
2. Severa l  gouges, noted on t h e  lower forward edge i n  prev ious  in spec t ions  
when t h e  p a r t  was removed had not  increased  s i g n i f i c a n t l y  i n  s i z e .  A 
few a d d i t i o n a l  gouges were noted. 
3. A r e p a i r  of a  3.2 cm (1-114 i n . )  crack made between t h e  1977 and 1978 
in spec t ions  was unchanged i n  appearance s i n c e  the  previous in spec t ion ,  
and was s t i l l  obscured by overpa in t ing  
4. Two cracks on t h e  i n n e r  s u r f a c e  had no t  changed i n  s i z e  o r  appearance 
s i n c e  the  previous in spec t ion  of  t h e  i n n e r  s k i n  i n  1980. One was a 
0 .8  c m  (5/16 i n . )  crack i n  t h e  upper forward a rea  f i r s t  observed i n  
1978; and t h e  o t h e r  was a 1.3 cm (112 in . )  crack f i r s t  observed i n  
1980 ( f i g u r e  A-2). 
Two disbond or 'delarninat ion a r e a s  were observed on t h e  i n n e r  s k i n ,  
n e i t h e r  of which had been previous ly  observed. One was i n  t h e  upper 
forward a r e a ,  1.3 by 0.4 cm (112 by 5/32 i n . )  i n  a r e a ,  and had a  
v i s i b l e  whi te  marking i n  t h e  c e n t e r  i n d i c a t i v e  of a  r e s i n  f r a c t u r e  
zone. The o t h e r  disbond was i n  t h e  lower a f t  a r ea  and was 2.2 by 
0.5 cm (718 by 3/16 i n . )  i n  a r ea .  
S l i g h t  f r ay ing  was observed on a11 f a s t e n e r  ho le s ,  wi th  a  g r e a t e r  
degree of f r ay ing  noted on t h e  a f t  and lower edges. S l i g h t  e longat ion  
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Figure  A-1. - A i r  Canada lef t -hand wing-body f a i r i n g  - 
deep gouge on e x t e r i o r ,  
Figure A-2. - A i r  Canada le f t -hand  wing-body 
f a i r i n g  - 1.3 cm (112 i n . )  
crack on i n n e r  sk in .  
was noted on s e v e r a l  ho le s  on t h e  upper, a f t ,  and lower edges. These 
included f i v e  ho le s  elongated t o  0.55 cm (7132 i n . )  from the  o r i g i n a l  
0 .5 cm (3116 i n . )  dimension, and fou r  ho le s  elongated t o  0.6 cm 
4 i n . )  The ho le s  on the  lower edge had t h e  g r e a t e s t  degree of 
f r a y i n g  along wi th  a d i s t i n c t  f a s t e n e r  mark-off ( f i g u r e  A-3). These 
condi t ions  have no t  changed s i g n i f i c a n t l y  s i n c e  t h e  previous 
inspec t ions .  
LEFT-HAND UNDERWING FILLET 
1. No s u r f a c e  damage o r  d e f e c t s  were noted,  a l though t h e r e  was ex tens ive  
p a i n t  l o s s ,  p a r t i c u l a r l y  i n  t h e  upper s e c t i o n  where t h e  Kevlar-49 was 
almost completely exposed. The l o c a t i o n  of t h i s  p a r t  p r o t e c t s  i t  from 
u l t r a v i o l e t  exposure however. 
S l i g h t  f r ay ing  was observed on t h e  f a s t e n e r  ho le s ,  and s e v e r a l  ho le s  
were observed t o  be  frayed t o  a g r e a t e r  e x t e n t  than the  o t h e r s  ( f i g -  
u re  A-4). Most of t he  f a s t e n e r  ho le s  had a t  l e a s t  a s l i g h t  degree of 
e longat ion .  Five of t hese  ho le s  had a s i g n i f i c a n t  degree of elonga- 
t i o n  t o  0.55 cm (7132 i n . ) ,  and t h r e e  were elongated t o  0.6 cm 
(114 i n . )  from t h e  o r i g i n a l  0.5 cm (3116 i n . )  dimension. These 
condi t ions  were b a s i c a l l y  unchanged s i n c e  t h e  previous in spec t ion  
i n  1980. 
RIGHT-HAND AFT ENGINE FAIRING 
1. No damage o r  d e f e c t s  were noted on e i t h e r  s u r f a c e ,  b u t  t h e r e  was 
ex tens ive  p a i n t  l o s s  i n d i c a t i n g  p o s s i b l e  Skydrol exposure. 
2. Two patch a reas  a t  t h e  extreme forward and a f t  edges of t h e  f a i r i n g  
were s t i l l  unchanged i n  appearance s i n c e  1974 when they were o r i g i -  
n a l l y  observed. The patches a r e  dark and f ib rous ,  and may be some 
type of e l e c t r i c a l  t ape  overcoated wi th  r e s i n .  
3. S l i g h t  f r ay ing  was observed on a l l  f a s t e n e r  ho le s ,  bu t  t h e  degree 
of f r ay ing  on t h i s  component is  l e s s  than o t h e r  Kevlar-49 a f t  engine 
f a i r i n g s .  About one-third of t h e  f a s t e n e r  ho le s  a r e  not iceably  
more f rayed  than t h e  o t h e r  ho le s  ( f i g u r e  A-5). 
4. Severa l  ho le s  had a s l i g h t  amount of e longat ion .  Three holes  were 
e longated  t o  0.55 cm (7132 i n . )  from the  o r i g i n a l  0.5 cm (3116 i n . )  
diameter,  and one h o l e  was noted t o  b e  a double ho le  wi th  a maximum 
0.7 cm (9132 i n . )  dimension ( f i g u r e  A-6). This was out  of  approxi- 
mately 110 f a s t e n e r  ho le s  on t h e  a f t  engine f a i r i n g ,  s o  t h e  incidence 
of ho le  e longat ion  was very minor. 
Figure  A-3. - A i r  Canada lef t -hand wing-body 
f a i r i n g  - f rayed  ho le s  on 
lower edge wi th  mark-off. 
Figure A-4. - A i r  Canada le f t -hand  underwing 
f i l l e t  - f rayed  and e longated  
f a s t e n e r  holes .  
Figure  A-5. - A i r  Canada right-hand a f t  
engine f a i r i n g  - f rayed  
holes .  
Figure A-6. - A i r  Canada right-hand a f t  engine 
f a i r i n g  - badly elongated hole .  
RIGHT-HAND W I N G B O D Y  FAIRING 
1. Two cracks  observed i n  previous in spec t ions  were aga in  noted. A 
0.6 cm (114 i n . )  crack i n  t h e  forward cen te r  a r e a ,  f i r s t  observed 
i n  1975, was unchanged i n  s i z e ;  bu t  an a s soc i a t ed  delaminat ion 
a r e a ,  3.2 by 0 .3  cm (1-114 by 118 i n . ) ,  was observed f o r  t h e  f i r s t  
time. A 0 .3 cm (118 in . )  c rack  i n  t h e  c e n t e r  a r e a  f i r s t  observed 
i n  1976 was unchanged. 
2. A disbond i n  t h e  upper a f t  a r ea ,  f i r s t  observed i n  1981, was 
unchanged i n  appearance. There w a s  no break i n  t he  s k i n ,  and the  
pa in t  and flame spray  were i n t a c t  except f o r  t h r e e  smal l  a r eas  of 
p a i n t  l o s s .  The disbond a r e a  was measured a s  4.1 by 1.3 cm 
(1-518 by 112 i n . ) .  
RIGHT-HAND UNDERWING FILLET 
1. No e x t e r i o r  damage o r  d e f e c t s  were noted. Extensive p a i n t  l o s s  had 
been noted i n  previous in spec t ions  i n d i c a t i n g  p o s s i b l e  Skydrol 
exposure, and t h e  p a r t  had been repa in ted .  A s l i g h t  bulged appear- 
ance on t h e  lower a f t  edge i s  i n d i c a t i v e  of a poss ib l e  s l i g h t  fas- 
t e n e r  ho le  mismatch which could account f o r  t h e  f a s t e n e r  ho le  
e longat ion  noted on these  p a r t s .  
LEFT-HAND AFT ENGINE FAIRING 
1. No e x t e r i o r  s u r f a c e  de fec t s ,  damage o r  p a i n t  l o s s  were noted.  
APPENDIX B 
DETAIL OBSERVATIONS OF 
KEVLAR-49 FAIRING PANELS - 
TWA SHIP N31030 (SERIAL 1111) 
SEPTEMBER 1982 
Three of  t h e  s i x  f a i r i n g s  were removed f o r  inspec t ion:  t h e  right-hand 
wing-body f a i r i n g  and underwing f i l l e t  pane ls  and the  lef t -hand a f t  engine 
f a i r i n g .  The o t h e r  pane ls  were inspec ted  i n  p l ace  on the  a i r c r a f t .  Mass 
determinat ions were made on t h e  right-hand f i l l e t  pane l .  
RIGHT-HAND W I N G B O D Y  FAIRING 
1. Two cracks were observed on t h e  e x t e r i o r  su r f ace :  a deep gouge i n  
t h e  upper a f t  a r e a  f i r s t  noted i n  1981 ( f i g u r e  B-1), and a small  
0 .3 cm (118 i n . )  crack i n  t h e  same a r e a  which was a l s o  f i r s t  noted 
i n  1981. The deep gouge was measured a t  0 .8  cm (5116 i n . )  l eng th  
wi th  delaminat ion extending about 0 .3  cm (118 i n . )  beyond t h e  crack.  
Repaint ing made v i s u a l  comparisons wi th  t h e  1981 in spec t ion  d i f f i c u l t .  
2. Two o t h e r  smal l  c racks  observed i n  previous in spec t ions  were no t  
de t ec t ed  i n d i c a t i n g  they had been only i n  t h e  p a i n t .  
3. A l a r g e  t ea rd rop  shaped disbonded and crushed a rea ,  11.4 by 2.5 cm 
(4-112 by 1 i n . )  had n o t  changed i n  s i z e  o r  appearance s i n c e  t h e  
previous  i n s p e c t i o n  ( f i g u r e  B-2) . This was f i r s t  observed i n  1977, 
and i s  i n  t h e  lower forward a r e a  of t h e  e x t e r i o r  su r f ace  a t  t h e  
probable l o c a t i o n  of a r e p a i r .  A smal l  depressed a r e a  i n  t h e  lower 
forward a r e a  of t h e  e x t e r i o r  su r f ace ,  f i r s t  observed i n  1978, had 
n o t  changed s i n c e  t h e  previous inspec t ion .  These may r ep resen t  a r eas  
where some fo rce  has caused core  crushing without  s k i n  pene t r a t ion ,  
and i n  t h e  sma l l e r  a r e a  without  a skin-core disbond, 
4. A r ec t angu la r  pa tch  overlay 10 by 20 cm (4 by 8 i n . )  on t h e  lower 
forward edge of t h e  e x t e r i o r  s u r f a c e  was unchanged i n  appearance 
s i n c e  t h e  previous in spec t ion .  This  was f i r s t  observed i n  1978, 
b u t  no damage had.been previous ly  observed i n  t h a t  a rea .  
5. Two s l i g h t  depressed a r e a s  on t h e  upper a f t  a r ea  of t h e  i n n e r  s k i n  
0.95 - 1.3 cm (318 - 112 i n . )  i n  diameter,  f i r s t  observed i n  1980, 
had not  increased  i n  s i z e .  There were no a s soc i a t ed  delaminat ions.  
Figure  B-1. - TWA right-hand wing-body f a i r i n g ,  
gouge on e x t e r i o r  sur face .  
F igure  B-2. - TWA right-hand wing-body f a i r i n g  - 
disbonded and crushed a rea .  
6. Two delaminat ions were observed i n  t h e  upper forward a rea  of t h e  i n n e r  
sk in :  one was 0.95 by 0 .3  cm (318 by 118 i n . )  i n  a r e a ,  and the  o t h e r  
was 2.5 by -0.3 cm (1 by 118 i n . )  i n  a r ea .  These had not  been observed 
previous ly .  
7. Fraying was observed on most of t h e  f a s t e n e r  holes  t o  a  s l i g h t  degree 
( f i g u r e  B-3). Fraying was more pronounced on t h e  lower edge, and t h e  
f i v e  a f t  ho le s  on t h e  lower edge were very badly frayed.  
8. Eight  ho le s  showed a s i g n i f i c a n t  degree of e longat ion ,  and a l l  bu t  one 
of t hese  were on t h e  a f t  and lower edges. Four holes  were elongated 
t o  0.55 cm (7132 i n . )  from the  o r i g i n a l  0.5 cm (3116 i n . )  diameter,  
and four  were elongated t o  0 - 6  cm (114 i n . )  diameter.  Two of t h e  
e longated  ho le s  on t h e  lower edge had been r e loca t ed  a t  t h e  t ime of 
r e i n s t a l l a t i o n  ( r e f e rence  3 ) ,  and t h e  new ho le s  had been d r i l l e d  
p a r t i a l l y  through a  g l a s s - f i l l e d  r e s i n  f i l l e r .  Fastener  mark-off 
around t h e  ho le s  was noted t o  a  s l i g h t  degree on t h e  upper, forward 
and a f t  edges; and t o  a  s i g n i f i c a n t l y  g r e a t e r  degree on t h e  lower edge 
This  condi t ion  had not changed s i n c e  previous inspec t ions .  One h o l e  
on t h e  forward edge had two 0 .3  cm (118 i n . )  diameter gouges evenly 
spaced above and below t h e  h o l e  on t h e  i n n e r  su r f ace .  These had n o t  
been observed previous ly .  
RIGHT-HAND UNDERWING FILLET 
1. The panel  mass was 670.4g (1.478 lb . ) .  Previous mass de te rmina t ions  
were 671.0g i n  t h e  1981 in spec t ion ,  664.0g i n  t h e  1980 in spec t ion ,  
664.6g i n  1979, and 663.75g i n  1978. The changes i n  mass a r e  due t o  
p a i n t  l o s s  and r epa in t ing .  
2. No s u r f a c e  damage o r  de fec t s  were observed. Pa in t  was chipped i n  t h e  
lower a f t  a r e a  exposing t h e  Kevlar su r f ace .  This  i s  an a r e a  not  
s u b j e c t  t o  u l t r a v i o l e t  exposure. 
3. A l l  of t h e  f a s t e n e r  ho le s  were a t  l e a s t  s l i g h t l y  frayed ( f i g u r e  B-4), 
and e i g h t  of t h e  twenty holes  were badly f rayed .  Eight ho le s  were 
e longated  t o  a  measurable degree: f i v e  ho le s  t o  0.55 cm (7132 i n . )  
from t h e  o r i g i n a l  0.5 cm (3116 i n . ) ,  and t h r e e  holes  elongated t o  
0.6 cm (114 i n . ) .  Some of t h e  e longated  ho le s  were among t h e  badly 
f rayed  ho le s ,  bu t  t h e  two condi t ions  d id  no t  c o r r e l a t e  exac t ly .  
LEFT-HAND AFT ENGINE FAIRING 
1. No damage o r  d e f e c t s  were observed on e i t h e r  su r f ace .  There were 
s e v e r a l  a r eas  of p a i n t  l o s s  and flame spray l o s s  on t h e  e x t e r i o r  
inc luding  a  very l a r g e  a r e a  i n  t h e  lower a f t  corner .  This  su r f ace  
had bee-' r epa in t ed  s i n c e  t h e  previous in spec t ion  i n  1980, so  t h e  
p a i n t  l o s s  had occurred during t h e  fol lowing 2-year per iod .  
F i g u r e  B-3. - TWA r igh t -hand  wing-body f a i r i n g  - 
t y p i c a l  s l i g h t  f r a y i n g  of 
f a s t e n e r  h o l e s .  
F i g u r e  B-4. - TWA r igh t -hand  underwing f i l l e t  - 
f r a y e d  f a s t e n e r  h o l e s .  
2. There was cons iderable  degradat ion of t h e  vapor b a r r i e r  coa t ing  on t h e  
i n n e r  s u r f a c e  by Skydrol,  p a r t i c u l a r l y  i n  t h e  a f t  a r e a  ( f i g u r e  B-5).  
3. The f a s t e n e r  ho le s  showed very l i t t l e  f ray ing .  A l l  of t h e  f a s t e n e r  
ho le s  were r e d r i l l e d  when t h i s  p a r t  was r e i n s t a l l e d  ( r e f e rence  2 ) ,  
and t h e  d r i l l i n g  was performed af  t e r  cur ing  an o u t e r  l a y e r  of 
120 f i b e r g l a s s  over  both Kevlar-49 sur faces .  The g l a s s  completely 
prevents  t h e  t y p i c a l  f rayed  condi t ion  of Kevlar-49 f a s t e n e r  holes ,  
4. A t o t a l  of 29 f a s t e n e r  ho le s  (114 of t h e  t o t a l )  were e longated  t o  a  
s i g n i f i c a n t  degree. One h o l e  was extremely e longated  t o  0.95 cm 
(318 i n . )  from the  0.5 cm (3116 i n . )  diameter ;  two holes  were elon- 
gated t o  0.7 cm (9132 i n . ) ;  n ine  ho le s  were e longated  t o  0.6 cm 
(114 i n . )  diameter ,  and t h e  remaining 17 ho le s  were e longated  t o  
0.55 cm (7132 i n . )  diameter.  The d i s t r i b u t i o n  of t hese  elongaged 
ho le s  was random, and t h i s  condi t ion  was v i r t u a l l y  unchanged s i n c e  
the  previous in spec t ion .  
LEFT-HAND WING-BODY FAIRING 
1. A t ape  pa tch  r e p a i r  of a  deep gouge, f i r s t  observed i n  1980, was s t i l l  
i n  p l ace  wi th  no changes i n  appearance s i n c e  t h e  previous in spec t ion  
( f i g u r e  B-6). There was some p a i n t  l o s s  near  t h e  patch,  b u t  no 
delamination o r  evidence of damage growth. 
2. Another r e p a i r ,  a l s o  observed i n  1980, i n  which a  0.3 cm (118 i n . )  
crack was f i l l e d  wi th  r e s i n ,  was undetec tab le  a f t e r  r epa in t ing .  
3. Two o t h e r  c racks  and an a s s o c i a t e d  delamination were no longer  
d e t e c t a b l e  a f t e r  r epa in t ing .  These condi t ions  were t h e r e f o r e  only 
the  r e s u l t  of loose  p a i n t .  
4.  An a r e a  of ex t ens ive  p a i n t  l o s s  along t h e  forward edge was s t i l l  
p re sen t  even though the  panel  had been r epa in t ed  s i n c e  t h e  previous 
in spec t ion .  This  i n d i c a t e s  p o s s i b l e  Skydrol exposure. 
LEFT-HAND UNDERWING FILLET 
1. There were no s u r f a c e  d e f e c t s ,  damage a r e a s ,  o r  pa in t  l o s s .  The lower 
a f t  edge was bulged i n  appearance i n c i d a t i n g  a  poss ib l e  s l i g h t  m i s -  
match of f a s t e n e r  ho le s .  Two f a s t e n e r s  were missing. 
RIGHT-HAND AFT ENGINE FAIRING 
1. There was no v i s i b l e  damage t o  t h e  e x t e r i o r  su r f ace .  There was some 
p a i n t  l o s s ,  and i n  a  few small  a r e a s  the  flame spray was a l s o  missing,  
exposing the  Kevlar-49 su r f ace  t o  u l t r a v i o l e t .  
ORSMNAL PAGE IS 
OF POOR QUALm 
F i g u r e  B-5. - TWA l e f t - h a n d  a f t  eng ine  f a i r i n g  - 
Skydro l  a t t a c k  on vapor  b a r r i e r  
F i g u r e  B-6. - TWA l e f t - h a n d  wing-body f a i r i n g  - 
t a p e  p a t c h  r e p a i r .  
APPENDIX C 
DETAIL OBSERVATIONS OF 
KEVLAR-49 FAIRING PANELS - 
EASTERN SHIP N313EA (SERIAL 1020) - 
OCTOBER 1982 
Two o f  t h e  remaining f o u r  f a i r i n g s  were  removed f o r  i n s p e c t i o n :  t h e  
r ight-hand wing-body f a i r i n g  and a f t  e n g i n e  f a i r i n g  p a n e l s .  The l e f t - h a n d  
wing-body f a i r i n g  was i n s p e c t e d  on t h e  a i r c r a f t .  The two underwing f i l l e t  
p a n e l s  were misp laced  a f t e r  t h e i r  removal from t h e  o r i g i n a l  a i r c r a f t  i n  1979. 
RIGHT-HAND WING-BODY FAIRING 
1. S e v e r a l  e x t e r i o r  s u r f a c e  c r a c k s  observed i n  p rev ious  i n s p e c t i o n s  had 
n o t  p ropaga ted  o r  changed i n  appearance ,  excep t  t h e y  were somewhat 
obscured by r e p a i n t i n g  s i n c e  t h e  1981 i n s p e c t i o n :  
- A 1 . 3  cm (112 i n . )  c r a c k  i n  t h e  forward edge between t h e  f i f t h  
and s i x t h  h o l e s  from t h e  t o p  f i r s t  observed i n  1976. 
- A 0 . 3  cm ( 1 / 8  i n . )  d i n g  i n  t h e  lower c e n t e r  a r e a  f i r s t  observed 
i n  1976. 
- A 0 . 3  cm (118 i n . )  c r a c k  i n  t h e  a f t  c e n t e r  a r e a  f i r s t  observed 
i n  1975. 
- A 0 .6  cm (114 i n . )  c r a c k  i n  t h e  c e n t e r  a r e a  f i r s t  observed i n  1976. 
- A 0 .8  cm (5116 i n . )  c r a c k  i n  t h e  upper forward area f i r s t  obse rved  
i n  1977. 
2. S e v e r a l  s m a l l  d isbond o r  de lamina ted  areas were  n o t e d  on  t h e  e x t e r i o r  
s u r f a c e  and had n o t  i n c r e a s e d  i n  s i z e  s i n c e  t h e  1981 i n s p e c t i o n .  
- A disbond i n  t h e  lower forward area 1.4 by 0.8 cm (9116 by 5/16 i n , ) ,  
f i r s t  no ted  i n  1975 and p r e v i o u s l y  observed a s  a 0.8 cm (5116 in . )  
c rack .  I t  was probably  f i l l e d  d u r i n g  t h e  r e p a i n t i n g  o p e r a t i o n .  
- A disbond 2.5 by 1 , 6  cm ( 1  by 518 i n . )  i n  t h e  upper  a f t  a r e a  f i r s t  
observed i n  1981. 
- A disbond 1.6 by 0.95 cm (518 by 318 in . )  i n  t h e  lower forward a r e a  
f i r s t  observed i n  1981. 
F i g u r e  C-3. - E a s t e r n  r ight-hand a f t  eng ine  
f a i r i n g  - b a d l y  f r a y e d  h o l e s  
a f t e r  r e - i n s t a l l a t i o n ;  f i l l e r  
i n  o r i g i n a l  h o l e s .  
3 .  A s i g n i f i c a n t  d e g r e e  of e l o n g a t i o n  was observed i n  about  115 of t h e  
h o l e s ,  p r i n c i p a l l y  a t  l o c a t i o n s  where t h e  h o l e  was d r i l l e d  th rough  
t h e  f i l l e r  (which i s  chopped g l a s s  f i b e r  f i l l e d  epoxy) ( f i g u r e  C-4). 
Eleven h o l e s  were  e l o n g a t e d  t o  a maximum 0.55 cm (7132 i n . )  dimen- 
s i o n  from t h e  o r i g i n a l  0.5 cm (3116 i n , ) ;  twe lve  h o l e s  were e lon-  
g a t e d  t o  0.6 cm (114 i n . ) ;  and one h o l e  w a s  e l o n g a t e d  v e r y  b a d l y  
t o  0,8 cm (5116 i n . ) .  
LEFT-HAND WING-BODY FAIRING 
1, A deep gouge and a s s o c i a t e d  c r a c k  2.5 cm (1 in . )  i n  l e n g t h  i n  t h e  
upper  forward a r e a  of t h e  e x t e r i o r  s u r f a c e  was f i r s t  observed i n  1978, 
A r e p a i r  c o n s i s t i n g  of a  t h i x o t r o p i c  r e s i n  f i l l e r  forming a tri- 
a n g u l a r  p a t c h  approx imate ly  12.9 cm2 (2  i n e 2 )  i n  a r e a  w a s  observed 
i n  1979. T h i s  r e p a i r  h a s  been p a i n t e d  over  b u t  i s  o t h e r w i s e  
unchanged w i t h  no ev idence  of damage growth. 
2. A speed t a p e  p a t c h  f i r s t  observed i n  1975 on t h e  e x t e r i o r  s u r f a c e  had 
been removed s i n c e  t h e  1979 i n s p e c t i o n ,  and presumably t h e  damage had.  
APPENDIX C 
DETAIL OBSERVATIONS OF 
KEVLAR-49 FAIRING PANELS - 
EASTERN SHIP N313EA (SERIAL 1020) - 
OCTOBER 1982 
Two of  t h e  remaining f o u r  f a i r i n g s  were  removed f o r  i n s p e c t i o n :  t h e  
r igh t -hand  wing-body f a i r i n g  and a f t  e n g i n e  f a i r i n g  p a n e l s .  The l e f t -hand  
wing-body f a i r i n g  was i n s p e c t e d  on t h e  a i r c r a f t .  The two underwing f i l l e t  
p a n e l s  were misplaced a f t e r  t h e i r  removal from t h e  o r i g i n a l  a i r c r a f t  i n  1979. 
RIGHT-HAND WING-BODY FAIRING 
1. S e v e r a l  e x t e r i o r  s u r f a c e  c r a c k s  observed i n  p r e v i o u s  i n s p e c t i o n s  had 
n o t  p ropaga ted  o r  changed i n  appearance ,  excep t  t h e y  were somewhat 
obscured by r e p a i n t i n g  s i n c e  t h e  1981 i n s p e c t i o n :  
- A 1 . 3  cm (112 i n . )  c r a c k  i n  t h e  forward edge between t h e  f i f t h  
and s i x t h  h o l e s  from t h e  t o p  f i r s t  obse rved  i n  1976. 
- A 0 .3  cm (118 i n . )  d i n g  i n  t h e  lower c e n t e r  a r e a  f i r s t  observed 
i n  1976. 
- A 0 . 3  cm (118 i n . )  c r a c k  i n  t h e  a f t  c e n t e r  a r e a  f i r s t  observed 
i n  1975. 
- A 0 . 6  cm (114 i n . )  c r a c k  i n  t h e  c e n t e r  a r e a  f i r s t  observed i n  1976. 
- A 0 .8  cm (5116 i n . )  c r a c k  i n  t h e  upper  forward area f i r s t  obse rved  
i n  1977. 
2. S e v e r a l  s m a l l  d isbond o r  de lamina ted  areas were n o t e d  on t h e  e x t e r i o r  
s u r f a c e  and had n o t  i n c r e a s e d  i n  s i z e  s i n c e  t h e  1981 i n s p e c t i o n .  
- A disbond i n  t h e  lower forward a r e a  1.4 by 0.8 cm (9116 by 5/16 i n . ) ,  
f i r s t  no ted  i n  1975 and p r e v i o u s l y  observed a s  a 0.8 cm (5116 in . )  
c rack .  It  w a s  probably  f i l l e d  d u r i n g  t h e  r e p a i n t i n g  o p e r a t i o n ,  
- A disbond 2 ,5  by 1 - 6  cm ( 1  by 518 i n , )  i n  t h e  upper  a f t  a r e a  f i r s t  
observed i n  1981. 
- A disbond 1 - 6  by 0.95 cm (518 by 318 i n , )  i n  t h e  lower forward a r e a  
f i r s t  observed i n  1981. 
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Figure C-1. - Eastern  right-hand wing-body 
f a i r i n g  - crack 2.5 cm 
(1 i n .  ) long on i n n e r  
su r f  ace.  
Figure C-2. - Eastern  right-hand wing-body f a i r i n g  - 
badly f rayed  holes .  
F i g u r e  C-3. - E a s t e r n  r ight-hand a f t  eng ine  
f a i r i n g  - b a d l y  f r a y e d  h o l e s  
a f t e r  r e - i n s t a l l a t i o n ;  f i l l e r  
i n  o r i g i n a l  h o l e s .  
3. A s i g n i f i c a n t  d e g r e e  of e l o n g a t i o n  was observed i n  about  115 of t h e  
h o l e s ,  p r i n c i p a l l y  a t  l o c a t i o n s  where t h e  h o l e  was d r i l l e d  th rough  
t h e  f i l l e r  (which i s  chopped g l a s s  f i b e r  f i l l e d  epoxy) ( f i g u r e  C-4) . 
Eleven h o l e s  were e l o n g a t e d  t o  a maximum 0.55 cm (7132 i n . )  dimen- 
s i o n  from t h e  o r i g i n a l  0.5 cm (3116 i n . ) ;  t w e l v e  h o l e s  were e lon-  
g a t e d  t o  0.6 cm (114 i n , ) ;  and one h o l e  was e l o n g a t e d  v e r y  b a d l y  
t o  0.8 cm (5116 i n , ) .  
LEFT-HAND WING-BODY FAIRING 
1. A deep gouge and a s s o c i a t e d  c r a c k  2 , 5  cm ( 1  in . )  i n  l e n g t h  i n  t h e  
upper  forward a r e a  of t h e  e x t e r i o r  s u r f a c e  was f i r s t  observed i n  1978. 
A r e p a i r  c o n s i s t i n g  of a t h i x o t r o p i c  r e s i n  f i l l e r  forming a tri- 
a n g u l a r  p a t c h  approx imate ly  12.9 cm2 (2  i n e 2 )  i n  a r e a  was observed 
i n  1979. T h i s  r e p a i r  h a s  been p a i n t e d  over  b u t  i s  o t h e r w i s e  
unchanged w i t h  no ev idence  of damage growth. 
2. A speed t a p e  p a t c h  f i r s t  observed i n  1975 on t h e  e x t e r i o r  s u r f a c e  had 
been removed s i n c e  t h e  1979 i n s p e c t i o n ,  and presumably t h e  damage had 
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Figure C-4. - Eastern  right-hand a f t  engine f a i r i n g  - 
elongated h o l e s  p a r t i a l l y  d r i l l e d  
through f i l l e r .  
been f i l l e d  wi th  r e s i n .  The p r e c i s e  l o c a t i o n  of t h e  pa tch  was never  
noted ,  bu t  i t  probably was a t  t h e  l o c a t i o n  of one of two disbonds o r  
delaminat ions observed i n  t h e  upper forward a rea .  One i s  1.6 by 1.9 cm 
(518 by 314 i n , )  i n  a r e a ,  and t h e  o t h e r  is  1.3 by 1.6 cm (1/2 by 
518 in . )  i n  a rea .  
3. A t h i r d  delaminat ion on t h e  e x t e r i o r  had n o t  been observed previously.  
This  was i n  t h e  losrer forward a r e a  and w a s  3.2 by 0.95 cm (1-1/8 by 
318 in . )  i n  a rea .  
4. Two depressed l i n e s ,  f i r s t  noted i n  1981, had not  changed i n  s i z e  o r  
appearance. One i s  6.35 cm (2-112 i n . )  long,  wi th  c i r c u l a r  depressed 
a r e a s  0.95 cm (318 i n . )  i n  diameter a t  e i t h e r  end; t h e  o t h e r  l i n e  i s  
8.9 cm (3-1/2 i n . )  long. There i s  no a s soc i a t ed  delamination. 
LEFT-HAND AFT ENGINE FAIRING 
1. There was no observa t ion  of t h i s  p a r t  due ' t o  l a c k  of access  on t h e  
a i r c r a f t .  
' AIRCRAFT - N i n t h  Annual F l i g h t  S e r v i c e  Report  
Robert H e  Stone 
Nat ional  Aeronaut ics  and Space Adminis t ra t ion  
Annual F l i g h t  Se rv i ce  Report.  Technical  Monitor, Benson Dexter,  
Ma te r i a l s  Div is ion ,  NASAILangley Research Center ,  Hamptons V i rg in i a  
on each a i r c r a f t :  a  l e f t -hand  and r ight-hand s e t  of a wing-body sandwich f a i r i n g ;  
a s o l i d  l a m i n a t e  under-wing f i l l e t  p a n e l ;  and a 422 K (3000F) s e r v i c e  a f t  eng ine  
f a i r i n g .  The t h r e e  L - l o l l s  i n c l u d e  one each i n  s e r v i c e  w i t h  E a s t e r n ,  A i r  Canada, 
and TWA. The f a i r i n g s  have accumulated a t o t a l  of 70,000 h o u r s ,  w i t h  one s h i p  
s e t  having over  24,000 h o u r s  s e r v i c e .  The i n s p e c t i o n s  were conducted a t  t h e  a i r -  
l i n e s '  major maintenance b a s e s  w i t h  t h e  p a r t i c i p a t i o n  of Lockheed Engineer ing.  
The Kevlar-49 components were found t o  be performing s a t i s f a c t o r i l y  i n  
s e r v i c e  wi th  no major problems, o r  any cond i t i on  r e q u i r i n g  c o r r e c t i v e  a c t i o n .  
The only d e f e c t s  noted were minor impact damage, a few minor disbonds and a  
minor degree of f a s t e n e r  ho l e  f r ay ing  and e longa t ion .  These a r e  f o r  t h e  most 
p a r t  comparable t o  damage noted on f i b e r g l a s s  f a i r i n g s .  
The s e r v i c e  h i s t o r y  t o  d a t e  i n d i c a t e s  t h a t  Kevlar-49 epoxy composite 
m a t e r i a l s  have s a t i s f a c t o r y  s e r v i c e  c h a r a c t e r i s t i c s  f o r  use  i n  a i r c r a f t  
secondary s t r u c t u r e .  
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